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Purpose: To evaluate the effect of femoral condylar offset and posterior tibial slope on maximal flexion angle of the knee in posterior cruciate 
ligament (PCL)-sacrificing total knee arthroplasty (TKA, Medial-Pivot Knee System). 

Materials and Methods: Forty-five knees in 35 patients who could be followed up more than 1 year after PCL-sacrificing TKA were evaluated 
retrospectively. We measured and analyzed the preoperative and postoperative maximal flexion angle, posterior femoral condylar offset difference, 
posterior femoral condylar offset ratio difference, and tibial slope. 

Results: The mean maximal flexion angle after TKA was 118.44°±9.8° and significantly related to postoperative tibial slope (11.78°±6.2°) in 
correlation analysis (R=0.451, p=0.002). There was no statistical relationship between the postoperative maximal flexion angle and the posterior 
femoral condylar offset difference (3.24±3.862 mm, R=0.105, p=0.493) and posterior femoral condylar offset ratio difference (0.039±0.029 mm, R= 
-0.163, p=0.284). 

Conclusions: The maximal flexion angle of the knee after PCL-sacrificing TKA was significantly related to the postoperative tibial slope. Therefore, 
posterior tibial slope can be considered as a factor that affects maximal flexion angle after PCL-sacrificing TKA. 

Keywords: Maximal flexion angle, Posterior femoral offset. Posterior femoral offset ratio. Posterior tibial slope. Cruciate-sacrificing total knee 
arthroplasty 



Introduction 

The primary goal of total knee arthroplasty (TKA) is to reduce 
joint pain in standing and walking and maintain range of motion 
(ROM) to facilitate the ability to perform daily living activities. 
Factors that have been associated with the change in ROM after 
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TKA include preoperative ROM^ implant design^'^'^'^^, posterior 
femoral condylar offset (FCO)^^^\ intraoperative soft tissue 
balancing^'^'^^^, and posterior tibial slope (PTS)^^'^^^^\ 

In particular, the influence of FCO and PTS on ROM after 
TKA with posterior cruciate ligament (PCL) -retaining and 
-substituting prostheses has been amply demonstrated in a 
variety of studies^'^'^^'^^^^^, whereas it has been rarely addressed in 
studies involving PCL-sacrificing TKAs characterized by the use 
of deep-dish polyethylene components for stability^^'^^l 

The purpose of this study was to evaluate the influence of FCO 
and PTS on ROM after PCL-sacrificing TKA using a medial 
pivot prosthesis. 

Materials and Methods 
1. Materials 

Of the patients who underwent PCL-sacrificing TKA using a 
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medial pivot prosthesis (Advance Medial- Pivot Knee System, 
Wright Medical Group Inc., Memphis, TN, USA) performed by 
the same surgeon at our institution between September 2005 and 
June 2009, 35 patients (45 knees) who were available for more 
than 1-year follow-up were included in this study The mean age 
of the patients at the time of surgery was 68.6±7.2 years, ranging 
from 54 to 84 years. There were 32 females (40 knees) and 3 
males (5 knees). The diagnosis was osteoarthritis in 42 knees and 
rheumatoid arthritis in 3 knees. The mean follow-up period was 
20.8 months. 

2. Methods 

1) Surgical technique 

All the operations were performed using the medial parapa- 
tellar approach. The PCL was resected in all knees. The extent 
of femoral resection was determined as the thickness of the 
distal femoral prosthesis and anteroposterior resection was 
performed for insertion of a prosthesis that best approximates the 
anteroposterior diameter of the femur measured intraoperatively. 
The rotational alignment of the femoral component was obtained 
with reference to the Whiteside's line, transepicondylar axis, 
and posterior condylar axis. Tibial resection was performed 
to produce T to 10° of postoperative PTS irrespective of the 
previous value. Flexion-extension gap imbalance, varus/valgus 
or anterior/posterior instability, or malalignment was not 
observed in any of the patients at the last follow-up. Postoperative 
rehabilitation protocol included passive motion exercises using a 
continuous passive motion machine from the first postoperative 
day and progressive weight bearing in a walker. 

2) Radiographic assessment 

On the ROM assessment, the patient was asked to flex the 
knee in the supine position and the maximal flexion angle 
was measured using a one-degree increment goniometer 
preoperatively and at the last follow-up. Lateral views of the 



knee with superimposition of the femoral condyles were 
obtained by plain radiography preoperatively and fluoroscopic 
radiography postoperatively. Pre- and postoperative PTS 
measurements were performed using the posterior tibial cortex 
as a reference according to one of the six methods suggested 
by Braizier et al.^^\ The inclination angle between the line 
drawn perpendicular to the tangent of the posterior tibial 
cortex and the tangent to the tibial plateau was recorded as the 
preoperative PTS and the angle created with the tangent to the 
tibial cut surface as the postoperative PTS (Fig. 1). The FCO 
was measured as the distance from the tangent of the femoral 
diaphysis posterior cortex to the apex of the posterior femoral 
condyle preoperatively and to the apex of the posterior femoral 
component postoperatively (Fig. 2). The pre- and postoperative 
FCO difference was defined as the postoperative value minus 
preoperative value. All measurements were performed twice and 
the mean values were used for data analysis (Cronbachs a; pre- 




Fig. 1. Preoperative and postoperative radiographs showing the methods 
of determining posterior tibial slope. PTC: posterior tibial cortex. 




Fig. 2. Preoperative and postoperative 
radiographs showing measurements of 
femoral condylar offset. PFC: posterior 
femoral cortex. 
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Fig. 3. Preoperative and postoperative 
radiographs showing measurement of 
femoral condylar offset ratio (FCOR=PFC/ 
AFC). AFC: anterior femoral cortex, PFC: 
posterior femoral cortex. 
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Fig. 4. The graph shows the correlation between posterior tibial slope 
and postoperative maximal flexion angle (R=0.451, p=0.002). MFA: 
maximal flexion angle of the knee. 



and postoperative PTS: 0.987/0.989, pre- and postoperative FCO: 
0.980/0.973). 

To adjust the source-to-image distance difference of the pre- 
and postoperative radiographs and obtain relative FCO ratio 
(FCOR), pre- and postoperative FCOR was calculated according 
to the method of Soda et al.^^^ by dividing the FCO value by 
the distance from the femoral diaphysis anterior cortex to the 
posterior femoral condyle (Fig. 3). The difference between the 
pre- and postoperative FCORs was defined as the value obtained 
by subtracting the preoperative FCOR from the postoperative 
FCOR. 

3) Statistical analysis 

To determine the relationship between the preoperative and 
postoperative values, linear/multiple logistic regression analyses 
were performed using SPSS ver. 17.0 (SPSS Inc., Chicago, IL, 
USA). Statistical significance was set at p<0.05. 
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Fig. 5. The graph shows the correlation between posterior condylar 
offset and postoperative maximal flexion angle (R=0.105, p=0.493). 
MFA: maximal flexion angle of the knee, dPCO: difference of posterior 
condylar offset. 
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Fig. 6. The graph shows the correlation between posterior condylar 
offset ratio and postoperative maximal flexion angle (R=-0.163, 
p=0.284). MFA: maximal flexion angle of the knee, dPCOR: difference 
of posterior condylar offset ratio. 



Knee Surg Relat Res, Vol. 25, No. 2, Jun. 201 3 57 



Results 

The mean postoperative maximal flexion angle was 118.44° 
±9.8°, which showed a significant correlation with the postoper- 
ative PTS (11.78°±3.9°; R=0.451, p=0.002) (Fig. 4). The mean 
preoperative and postoperative FCO was 24.78±2.243 mm 
and 28. 11 ±4.50 mm, respectively. The mean preoperative 
and postoperative FCOR was 0.387±0.036 and 0.415±0.032, 
respectively. Thus, the mean difference in the pre- and 
postoperative FCO was 3.2±3.862 mm (R=0.105, p=0.493) and 
the mean difference in the pre- and postoperative FCOR was 
0.039±0.029 (R=-0.163, p=0.284), which showed no significant 
relationship with the postoperative maximal flexion angle (Figs. 5 
and 6). 

Discussion 

In this study, we investigated the influence of PTS and FCO 
on ROM after TKA using a PCL-sacrificing medial pivot knee 
implant. The study results showed a correlation between PTS 
and ROM as in the case of PCL-retaining TKA, whereas no 
relationship was found between FCO and ROM as in the case of 
PCL-substitutingTKA. 

ROM after TKA using a medial pivot knee system designed 
based on the concept of medial-pivoting of the knee during 
flexion^^'^^^ has been documented in a variety of domestic and 
international research^^^^\ The mean maximal flexion angle of 
118.44° that was obtained in our patients is comparable to the 
values reported in those studies. 

The impact of PTS''''" '' ''^ and FCO' on ROM, such as 
maximal flexion angle, after TKA has been the subject of 
controversy. Bellemans et al.^^^ reported that 1° of extra PTS 
resulted in an average of 1.7° increase in maximal knee flexion 
after PCL-retaining TKA based on the assessment of knees with 
0°, 4°, and 7° PTS. In a study by Malviya et al.''^, 1° of additional 
PTS increased the maximal flexion angle by an average of 2.3° in 
101 knees after PCL-retaining TKA. On the other hand, Kansara 
and Markel^^^ and Piazza et al.^^^ showed that there was no 
difference in the postoperative ROM between the knees with 0° 
and 5° of PTS after PCL-sacrificing TKA. Bauer et al.^^^ reported 
that the correlation between PTS and maximal knee flexion that 
can be observed after PCL-retaining TKA was not noted after 
PCL-sacrificing TKA. In this study, a statistically significant 
positive correlation was found between PTS and maximal flexion 
angle after PCL-sacrificing TKA using a medial pivot implant. 

The study by Bellemans et al.^^ suggested a significant 



correlation between FCO and maximal knee flection in 150 
arthroplasties of the knee; every 1 mm decrease in FCO led to 
a 6.1° reduction in postoperative maximal flexion. Goldstein et 
al.^^ reported that reduced FCO due to downsizing of the femoral 
component resulted in a loss of flexion from 135° to 120° after 
PCL-retaining TKA. In contrast, according to the analysis of 69 
cases of PCL-sacrificing TKA by Hanratty et al.^^^ and 410 cases 
by Bauer et al.^^^, FCO was not significantly related to maximal 
knee flexion. In a study by Arabori et diV^\ bilateral TKA (PCL- 
retaining on one side and PCL-sacrificing on the other side) 
results showed that FCO was correlated with flexion angle in 
PCL-retaining knees but not in PCL-sacrificing knees. In the 
current study, we used the method of Soda et al.^^^ designed to 
obtain relative FCOR in order to minimize error in the pre- and 
postoperative FCO and FCOR comparison; however, we could 
not find any correlation between the postoperative maximal 
flexion angle and FCO and FCOR (R=0.105, p=0.493, R=-0.163, 
p=0.284). 

In conclusion, a correlation between the postoperative PTS 
and maximal flexion angle can be found after PCL-sacrificing 
TKA using a medial pivot implant as well as PCL-retaining TKA, 
whereas no relationship can be observed between the FCO and 
FCOR difference and knee flexion after PCL-sacrificing TKA as 
well as PCL-substituting TKA. It is our understanding that the 
design characteristics of the PCL-sacrificing medial pivot Knee 
system that has a larger contact area in the medial compartment 
compared to the PCL-substituting knee implants could 
contribute to the correlation between PTS and flexion range. 

The limitations of this study include the retrospective study 
design, lack of comparison with other implants with a deep- 
dish polyethylene component, the possibility of inaccurate 
measurement of the maximal flexion angle, and intraoperative 
balancing of soft tissue structures. In addition, we believe other 
potential factors that may affect the maximal flexion angle, such 
as implant design, should be addressed in future studies. 

Conclusions 

Maximal flexion angle of the knee after PCL-sacrificing TKA 
was correlated with PTS. However, the pre- and postoperative 
differences in the FCO and FCOR were not related to the flexion 
angle. Therefore, we believe PTS is a factor that influences 
maximal flexion angle after PCL-sacrificing TKA. 
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